ABSTRACT The aim of this paper was to present an analysis of the feasibility of voice quality prediction on the roughness, breathiness, hoarseness (RBH) scale for children with vocal nodules on the basis of both acoustic parameters and electroglottographic (EGG) examination. The first step to achieve this goal involved the creation of a dedicated database, Voice Pathology Analysis Database (VPADB), containing voice recordings from patients, the EGG signal, medical diagnosis, and the classification of voice quality on the above-mentioned scale. The database also contains data concerning the patients' age and sex. The next step involved performing statistical analyses to test the relationship between the values of objective parameters, such as peak slope and normalized amplitude quotient, and the classification of voice quality. The study made use of voice recordings of 57 patients with vocal nodules and 37 healthy individuals. The RBH classification was carried out by two independent voice specialists. It was found that speech signal parameters can be used to predict expert evaluation with regard to roughness and hoarseness.
I. INTRODUCTION
Vocal nodules are one of the most common laryngeal pathologies in children. They manifest themselves as callous-like growths that occur most typically at the junction of the anterior and middle third of the vocal folds, a site that is most prone to mechanical stress during phonation. They are mainly caused by voice overuse or misuse (vocal hyperfunction), and their common symptoms include persistent or shortterm hoarseness which usually increases following excessive muscle tension [1] . Pathological changes to vocal folds affect the quality of phonation and have an impact on voice quality, which is reflected both in acoustic analysis and on a perceptual scale [2] - [6] .
When suspecting the occurrence of vocal nodules, a specialist performs a videolaryngoscopic examination to evaluate the condition. Videolaryngoscopy consists in recording the movement and structure of the vocal folds with a camera (an endoscope), providing a good image of
The associate editor coordinating the review of this manuscript and approving it for publication was Wu-Shiung Feng. the area. However, due to its invasive character, it can be difficult or even impossible to perform, especially in children, due to a possible violent gag reflex, refusal to co-operate or the patient's immaturity. Although videolaryngoscopic examination remains an essential diagnostic tool, techniques such as auditory-perceptual voice analysis (GRBAS -Grade, Roughness, Breathiness, Asthenia, Strain, RBH -Roughness, Breathiness, Hoarseness, CAPE-V -Consensus Auditory Perceptual Evaluation-Voice scale), acoustic signal analysis, and electroglottographic (EGG) signal analysis are also used as complementary procedures [2] - [6] .
The GRBAS scale, which assesses the overall dysphonia grade, roughness, breathiness, asthenia and strain, is used worldwide in several fields as a means of vocal evaluation by clinicians and researchers. The CAPE-V enables the analysis of the same parameters, except asthenia [7] - [10] . Additionally, though, CAPE-V adopts a visual analog scale and has predetermined vocal tasks and analysis criteria. It also evaluates pitch and loudness and enables the addition of two more parameters that are not predetermined, besides allowing classification of resonance and inclusion of additional features.
Both scales are widely used by professionals in the voice field and together they cover all types of voice disorders, regardless of etiology. The RBH scale was developed on the basis of the GRBAS scale and is the latter's simplified version [11] , [12] .
The advantages of acoustic and electroglottographic analyses lie in their objectivity and non-invasive character, while allowing the detection of voice pathology at an early stage. They involve the use of recordings containing sustained phonation of the vowel /a:/ [13] , [14] . One of the best implementations of human voice parameterization is the COVAREP repository (A Collaborative Voice Analysis Repository For Speech Technologies) [15] .
The recordings, parameterized with a set of features, are implemented in the automatic classification of healthy and pathological voice, using various methods such as neural networks, SVM, decision trees and genetic and evolutionary algorithms. This issue has been addressed in a number of research studies, including [16] - [22] .
On the other hand, perceptual assessment of voice quality is used by phoniatricians and proves to be useful in screen tests. This requires prior voice assessment training involving the use of the RBH perceptual scale and GRBAS. It is normalized, which ensures similar results obtained by different practitioners or experts [23] , [24] .
This kind of research requires a suitable database with findings from a variety of medical examinations and the resultant diagnoses. The database presented in our study is a source of recordings that can be used to develop diagnostic systems based on signal processing and analysis. It facilitates research into the analysis and classification of voice quality and enables experiments as well as detailed diagnostics of children with vocal nodules.
Having developed the database (VPADB), we checked whether it was possible to distinguish between the degrees of deviation on a detailed perceptual scale by means of acoustic analysis. In the acoustic analysis we used the Peak Slope parameter and the Normalized Amplitude Quotient parameter, while in the electroglottographic analysis we used the Closed Quotient parameter. These parameters are successfully used to evaluate voice quality in children with vocal nodules and in patients with rare genetic disorders, such as Pompe disease or MPS IV (Morquio syndrome) [25] - [28] . The test results not only indicated compliance with a medical diagnosis but also enabled a more detailed analysis of the functioning of the vocal folds.
II. RELATED VOICE PATHOLOGY DATABASES
Currently, there are two databases with recordings of pathological voice that also contain recordings of patients with vocal nodules: the Saarbrucken Voice Database (SVD) [29] and the Massachusetts Eye and Ear Infirmary (MEEI) database [30] . The former can be accessed online.
Our database differs from the other databases in that it contains voice recordings, EGG data and the perceptual scale annotations for patients with diagnosed vocal nodules.
SVD is a free public database (SVD) holding a collection of voice and electroglottographic recordings of pathological and healthy voices. It was created at Saarland University (Institute of Phonetics of Saarland University) in Germany [29] and contains recordings of 95 organic and non-organic voice pathologies produced with a 50 kHz sampling rate and a 16-bit binary resolution. The database contains recordings of the vowels /a:/, /i:/ and /u:/ pronounced with different intonations (normal, low and high pitches). The recordings feature only the stable part of a vowel, and the recording time for each sound is approximately one second. For most of the patients, a recording of the sentence ''Guten Morgen, wie geht es Ihnen?'' (''Good morning, how are you?'') was also made. The SVD database holds recordings of 17 patients with vocal nodules (as of November 2018), including just one recording of a child's voice.
The Massachusetts Eye and Ear Infirmary (MEEI) database is a commercially available database holding a collection of recordings of pathological and healthy voice. The recordings were produced at Kay's Computerized Speech Lab. The database contains 710 recordings, including 657 recordings of pathological speakers and 53 recordings of healthy individuals [30] . For each patient, the sustained vowel /a:/, produced at a comfortable pitch and loudness and with duration of at least 3 seconds, was recorded. The recording procedure was repeated three times. The best recording was then selected by a speech pathologist and submitted to the database. The database holds only 20 recordings of patients with vocal nodules. Unfortunately, the MEEI database is not entirely consistent regarding the sampling rate. 77 of the non-pathological voice recordings were made at a 50 kHz sampling rate. The other recordings include 580 pathological voice vowels recorded at a 25 kHz sampling rate, 648 recordings of pathological voice sentences recorded at a 25 kHz sampling rate, and 13 sentences recorded at a 10 kHz sampling rate. One sentence was recorded at a 50 kHz sampling rate [31] .
Saenz et al. point to several shortcomings of the MEEI database. Some patients have more than one recording made on different occasions. For 306 files, which corresponds to 253 patients, the diagnosis is missing. The recordings of pathological voice and non-pathological voice were made at different locations (Kay Elemetrics and MEEI Voice and Speech Lab). The fact that the recordings were probably made under similar acoustic conditions does not necessarily mean that the system for automatic detection of pathological voice was not affected [32] . The sampling rate, which is not compliant with the ISO/IEC 11172-3:2000 standard, is yet another drawback.
The files collected in the MEEI database are edited in the same way as those in the SVD database because recordings in both databases contain only the stable part of the phonated sounds. According to Krom et al., it is the beginning as well as the end of a phonation that carry more information than the stable part [33] . The authors also point out the lack of videolaryngoscopic and electroglottographic recordings containing voice registers. Just like the SVD database, the MEEI database does not contain information about the perceptual evaluation scale (RBH) of the recordings. Both databases contain considerably fewer recordings of normal voice than those of pathological voice. The MEEI database holds a large number of files labeled with several diagnoses, pertaining sometimes to different categories of voice disorders (e.g. physical and neuromuscular). One of the major drawbacks is that only one recording at a time is made available. This also holds true for the SVD database.
Despite all these shortcomings, both SVD and MEEI are reliable and representative databases of pathological voice and are used in scientific studies, e.g. [16] - [18] , [21] . However, neither of the databases contains recordings of children with vocal nodules.
III. PATIENTS, DIAGNOSIS AND RECORDINGS
Recordings of patients with vocal nodules (group 1) from VPADB, and recordings of healthy children (group 2) from VPADB and SVD were used to carry out a perceptual assessment and to check whether it was possible to distinguish between the different degrees of deviation on the RBH scale using acoustic parameters that were effectively used in Pompe disease [25] , [26] , MPS [27] and vocal nodules [28] . Group 1 consisted of 57 patients with vocal nodules, aged 5-14 (with the average age of 8.7), including 30 boys and 27 girls.
Group 2 comprises voice recordings of 37 healthy individuals in the 7.5-16 age range (with the average age of 9.5), 14 of which were made in the Children's Memorial Health Institute (VPADB). Each patient underwent a videofiberoscopic examination. 23 recordings came from the Saarbrücken Voice Database (SVD). Additionally, each patient underwent a phoniatric examination involving video recordings of the vocal folds, using a laryngoscope and additional stroboscopy [29] . Patients with suspected vocal nodules had been referred to a phoniatrician by their primary care doctor (Group 1). Each patient underwent a videolaryngoscopic examination and, if diagnosed with vocal nodules, was admitted to hospital for one week's treatment which consisted of iontophoresis and inhalation, in addition to consultations with a speech therapist and a psychologist.
The recordings of patients with vocal nodules have been produced in the Children's Memorial Health Institute in Warsaw since February 2014, with the consent of the Bioethics Committee (133/KBE/2014).
The videolaryngoscopic examination for each of the patients was performed using a rigid laryngoscope Storz 8700 DKA, telescope 90 • , and Storz Telecam II, and was supplemented with a detailed description of the larynx. The parameters assessed by two phoniatricians in their description of the larynx images were as follows: the location of vocal nodules, (1/3 anterior or the midpoint of the vocal folds), nodule size on the scale of 1 to 3 (1 = small, 2 = medium-sized, 3 = large), lesion contour (flat/protruding), symmetry (symmetrical/asymmetrical), glottal closure (complete/incomplete). In the case of incomplete closure, its degree was assessed on the scale from 1 to 3 (1 = small glottal chink, 2 = medium-sized glottal chink, 3 = large glottal chink). The scale used was devised on the basis of studies by Nuss et al. and Shah et al. [34] - [36] .
A videolaryngoscopic examination was followed by acoustic and electroglottographic recordings. The electroglottographic examination was carried out with a Glottal Enterprises EG2-PCX2 electroglottograph, while the acoustic recordings were made using a microphone supplied with the electroglottograph. Both signals were registered with a 48 kHz sampling rate and a 16-bit resolution (standard WAVE PCM). During the recording, the patient phonated the vowel /a:/ three times with a sound pressure level of 60 -80 dBA, 1 m from the microphone, for a sustained period of at least 4 seconds. Following that, the patient was made to briefly strain his/her voice by reading out a few sentences, and then again to phonate the vowel /a:/ three times. The last sequence was used to assess vocal fold vibrations and voice quality. The recordings were produced in a hospital room that was free of background noise (the room was soundproofed with a double door). The examinations were supplemented by voice quality evaluation based on a perceptual assessment of voice quality on the RBH scale [23] . The sentences had been constructed in a way that would facilitate such perceptual assessment of voice quality. The RBH perceptual scale is used in German clinics and is recommended by the Committee on Phoniatrics of the European Laryngological Society [37] . The RBH acronym stands for the following features:
• R -Rauigkeit (roughness) -the degree of voice roughness deviation caused by irregular vocal fold vibrations
• B -Behauchtheit (breathiness) -the degree of breathiness deviation caused by glottic insufficiency
• H -Heiserkeit (hoarseness) -the degree of hoarseness deviation Scores of 0, 1, 2, and 3 are used for all parameters on the RBH scale, with reference to the different degrees of vocal disorder: '0' = normal voice, '1' = a slight degree, '2' = a medium degree, and '3' = a high degree. Perceptual assessment of voice quality was carried out on both occasions by the same two independent voice specialists who had completed an RBH training program and had extensive experience in voice/speech signal assessment. On both occasions, the experts were blindfolded for the duration of the assessment. Dejonckere et al. [38] confirmed that both the GRB parameters and the RBH scale have identical clinical value.
IV. SENSITIVE DATA IN OUR DATABASE
Where databases contain sensitive data, their designers are legally obliged to protect them. Data concerning patients' medical condition and enabling the identification of a patient are protected with particular care. They are retained pursuant to European Parliament and European Council Regulation (EU) 2016/679 of April 27, 2016. The authors must also comply with the Polish data protection act (Ustawa o ochronie danych osobowych, Dz.U. 2018 poz. 1000 of May 10, 2018).
As a consequence of this law, different kinds of licenses are available for different database users. To this end, the following distinction is made: data administrator, technical administrator, physician, patient and researcher. Each of them has different user permission for data access. The database administrator, for example, is authorized to review and modify all medical data. He/she is also responsible for the verification of other users' permissions to access sensitive data. The technical administrator manages the users (adds and activates user accounts) and monitors their user access. A physician has access to his/her patients' data. A patient has access to his/her data and has the right to have it removed from the database. Apart from some basic data, a researcher can only gain access to medical results, including voice and EGG recordings, without being able to identify the patient. These different licenses can be combined, depending on the legally recognized permissions held by the user. This kind of distinction prevents unauthorized access to medical data that could lead to the identification of a patient.
V. THE DATABASE STRUCTURE
The implementation of the database was carried out using a relational model applied in MySQL. It was assumed that all sensitive data, which is legally protected, is stored in an encrypted form. The main user interface is a website (vpadb.wzim.sggw.pl) created as an MVC application.
The most important database tables include: users, logs, parameter_descriptions, diagnosis_types, media_types, multimedia files, diagnosis_connections, doctor_connections, and multimedia_files_connections. Besides, the database contains numerous other tables whose main aim is to create connections relating to data access.
The parameters_description table is used for storing identifiers and descriptions of voice parameters (both acoustic and EGG). This kind of solution makes it possible to supplement the database with newly created parameters. The diagnosis_type table plays a similar role, as it stores identifiers and descriptions of different types of medical diagnoses. In a similar fashion, it can be expanded to include new information. The media_types table contains the identification and description of multimedia files stored in the database. These include voice recordings of phonations, recordings of EGG signals and scanned medical records. Medical records are only accessible to those who hold appropriate user permission.
The registration procedure is carried out by a new user completing a form and submitting it through the database site to the data administrator. User access is authorized by the data administrator, whereas a user account can be created both by the technical administrator and the data administrator. Such a solution minimizes the risk of so-called 'bots' accessing the database. This kind of registration procedure also conforms with GDPR requirements.
Having registered, a user is granted access to specific data, depending on the kind of user permission he/she holds. Multimedia files (voice recordings and EGG recordings, as well as their graphic visualizations) are accessible directly on the website but can also be downloaded. The parameters of the voice and EGG recordings are available as files in the CVS format or directly on the website. The interface for adding new data is accessible to the data administrator as well as to physicians. This also applies to videolaryngoscopic examinations or endoscopic high-speed cameras that might be used in the future.
VI. ELECTROGLOTTOGRAPHIC AND ACOUSTIC ANALYSIS A. ELECTROGLOTTOGRAPHY 1) The device
Electroglottography is a system based on the measurement of electrical impedance between the vocal folds. It is a technique devised by Fabre [39] and further developed by Fourcin [40] and Frokjaer-Jensen and Thorvaldsen [41] .
The EGG measurement is based on amplitude modulation (AM) in which the signal from the device generator is modified via the electrode system attached to the patient's neck. The electrodes form a capacitor whose electric capacity changes with the varying vibrations of the vocal folds. An EGG oscillogram is produced when the signal from the electrodes has been demodulated [42] . Fig. 2 shows an example of an EGG waveform for a healthy child. It consists of four phases: the closing phase, the closed phase, the opening phase and the open phase. The analysis of the EGG signal was performed using CQ H (larynx closed quotient), proposed by Howard [43] , [44] . This parameter shows the percentage of each cycle during which the vocal folds are in contact (the closed phase). The start point of the closed phase is defined as the peak value of the first derivative of the EGG signal. The end of the phase is defined as the point in the EGG signal at which the signal strength exceeds the 3/7 threshold level, i.e. the maximum amplitude of the signal within one cycle.
2) CQ H PARAMETER

B. CALCULATING ACOUSTIC PARAMETER VALUES
To estimate changes in voice quality on the basis of acoustic signal, the following parameters are calculated: Peak Slope (PS) [45] , H1H2 -the ratio of the first harmonic energy F0 (H1) to the second harmonic energy (H2) [46] , Normalized Amplitude Quotient (NAQ) [47] , Parabolic Spectral Parameter (PSP) [48] , Quasi Open Quotient -QOQ [49] , Cepstral Peak Prominence (CPP) [50] , Harmonic Richness Factor (HRF) [51] , Rd shape parameter [52] of LiljencrantsFant (LF) glottal model [53] , Maxima Dispersion Quotient (MDQ) [54] The algorithms used to calculate the acoustic parameters were implemented in COVAREP [15] . Fig. 3, 4 , 5, 6, 7 and 8 show the visualization of a sample recording in the database. The visualization consists of six charts. Fig. 3 shows the waveform of the recording. Fig. 4 shows an electroglottogram. Both figures demonstrate changes taking place during phonation, such as changes in F0, jitter and shimmer. These and the subsequent visualizations provide information about the duration of the recording and changes in the amplitude. Figures 5 and 6 show a fragment of a waveform and a section of an electroglottogram, respectively. The visible fragments represent 1% of the entire signal. The visualization, which shows the middle section of the signal, helps to assess the quality of the recorded signal, for example in terms of noise. Fig. 7 shows the visualization of a signal taken from 1/3 of the entire signal. Fig. 8 shows the visualization of a signal taken from 2/3 of the entire signal. The figures make it possible to see a signal of 1-2 glottal cycles. They allow for the observation of a signal characteristic of pathological voice. The additional curve before the peak amplitude (Fig. 8) typically indicates the presence of vocal nodules [55] . The method of acoustic signal visualization presented here allows for quick analysis, which facilitates further research.
VII. DATA VISUALIZATION
VIII. COMPARATIVE ANALYSIS
The results of perceptual, acoustic and electroglottographic analyses for patients with vocal nodules in the demo database are shown in Table 1 .
A. STATISTICAL ANALYSIS RESULTS
The statistical analysis was carried out in the MATLAB environment. The comparison of the accuracy and reliability of the perceptual voice quality scale annotation on the RBH scale was performed by the two voice specialists using non-parametric tests as the distribution for the RBH scale is not normal. For parameters R, B, and H, the differences in annotation were statistically insignificant (Chi square test, p value > 0.05). Neither of the experts showed any hearing impairment.
Anderson-Darling and Saphiro-Wilk tests were used to check normal distribution for each acoustic and electroglottographic parameter. All the acoustic parameters values were distributed normally. F-tests were used to verify whether variances were equal for each parameter. Differences in the values of parameters PS, NAQ, and CQ H were calculated using one-way ANOVA. Postcomparison Tukey test was prepared to check statistically significant differences between particular groups.
B. RBH SCALE, ACOUSTIC AND EGG ANALYSIS RESULTS
The RBH grades of the patients with vocal fold nodules are shown in Table 2 .
In group 1, each class of the RBH scale was assigned its corresponding values of the PS, NAQ and CQ H parameters. Subsequently, the differences between the values of the parameters in healthy individuals on the one hand and patients with vocal nodules on the other were checked for both specialists. A detailed comparison between the values on the perceptual scale and the values that acoustic parameters assume for them was taken into account.
Group 2 consists of both our original recordings and recordings from the SVD database. We assumed that the SVD recordings of healthy individuals have the following values on the perceptual scale: R= 0, B= 0, H= 0. The recordings for healthy individuals which were produced by the authors of this study proved to have identical values, i.e. R= 0, B= 0, H= 0.
Some of the classes, namely R2, R3, B2, B3, H2, H3, were less common in patients with vocal nodules, making it difficult to carry out reliable statistical tests. This is justifiable, because vocal nodules affect voice quality, which is why the value of '0' is rare. So is the value of '3', characteristic of severe voice changes. Such changes occur less frequently in the case of vocal nodules. Tables 3 and 4 show a range of values for PS, NAQ and CO H with reference to specific degrees of classes on the RBH scale. The results presented in the tables were obtained by running a one-way ANOVA test. They show clear distinction between the specific degrees on the RBH scale. Table 5 shows the results of student's t-test which indicate that the values of acoustic and EGG parameters in groups 1 and 2 are statistically different. Tables 6 and 7 show the mean values of RBH classes which are statistically distinguishable thanks to the application of the ANOVA analysis, for Expert 1 and Expert 2 respectively.
IX. DISCUSSION
The RBH scale is an effective grading method based on GRBAS [38] and is currently the simplest internationally recognized method of this kind. In recent years, it has been used extensively in Germany as well as in other European countries [37] .
In our study, we employed this method to evaluate voice quality in patients with vocal nodules. Subsequently, we checked whether the particular scores on the perceptual scale match their respective values on the acoustic scale. Thus, we compared the subjective values of the perceptual scale with the objective values of acoustic parameters. In the subjective evaluation, the voice specialist's mental and physical state, such as fatigue, irritation, etc., plays an important role [56] . This can affect the specialist's accuracy of judgment, but the deviation in evaluation scores should not exceed the value of 1 on a 4-grade scale [23] . This conclusion is consistent with the results obtained in the process of learning the RBH scale presented in the source materials. In our experiment, we noticed a shift in the annotation of the recordings between the voice specialists (Table 4) . According to Colton and Casper, psychoacoustic characteristics, such as roughness and breathiness, indicate the presence of vocal nodules and double closure [57] .
The scores recorded by Expert 2 proved to be more sensitive to changes in voice quality than those recorded by Expert 1. This is to say that minimal hoarseness in a recording could affect the voice assessment value of 0 or 1.
The two experts underwent an audiometry test, and the test results for both indicated normal hearing.
The results of the experiments allow for the prediction of the perceptual RBH scale assessment using the CQ H and NAQ parameters.
The results of statistical analyses for Expert 1 indicate that it is possible to distinguish between degree of deviation R0 * , R0 and R1 using the CQ H and NAQ parameters. The symbol * is used with reference to healthy individuals. The classes B0 * , B0 and B1 can also be distinguished by applying the CQ H and NAQ parameters. The classes H0 * , H1 and H2 can be distinguished with the use of three parameters: CQ H, NAQ and PS.
The results of statistical analyses for Expert 2 indicate that it is possible to distinguish between classes R0 * , R1 and R2 using the CQ H and NAQ parameters. The classes B0 * , B0 and B1 can also be distinguished by employing the CQ H and NAQ parameters. The classes H0 * , H1and H2 can be distinguished with the use of three parameters: CQ H, NAQ and PS.
The results of statistical analyses for Expert 1 are consistent with those for Expert 2. Any differences are the result of the annotation shift on the RBH scale. The concurrent application of acoustic parameters makes it possible to distinguish between classes on the perceptual scale.
The NAQ and CQ H parameters enable an accurate prediction on the perceptual scale for patients with vocal nodules (Tables 6, 7 ).
The scores obtained by both experts indicate that the PS parameter is considerably less effective than the other parameters.
The results presented in this study are consistent with the results obtained in studies by Gramuglia et the RBH scale, along with acoustic voice parameters (jitter, PPQ, shimmer, APQ, NHR, and SPI), to evaluate voice characteristics in 100 patients with vocal nodules. In relation to a control group, also consisting of 100 patients, the results showed higher values of both the above-mentioned parameters and the parameters of the GRBAS scale in comparison with the values of these parameters for patients with vocal nodules [2] .
Valadez et al. evaluated F0, jitter, and shimmer acoustic voice parameters before and after voice therapy. Acoustic voice parameters, perceptual data, and videonasolaryngoscopy were significantly improved after the speech therapy was completed [4] .
Tezcaner et al. analyzed the effectiveness of voice therapy offered on a once-a-week basis to 39 children with vocal nodules (aged [7] [8] [9] [10] [11] [12] [13] [14] . The authors employed the GRBAS scale and acoustic analysis (MDVP) during 3-6 months after the therapy. The voice therapy had improved all the GRBAS parameters as well as the values of the acoustic parameters, such as jitter, shimmer and the noise to harmonic ratio (NHR) [58] .
However, Barsties and De Bodt [12] carried out a comparative analysis of the perceptual scale and the acoustic scale, recommending the use of the newer acoustic parameters to determine the overall severity of voice quality instead of one acoustic analysis method (e.g. jitter, shimmer, etc.). This is consistent with the results of our study, as the employed acoustic and EGG parameters are state of the art. They also prove effective in the assessment of voice quality in children with vocal nodules and patients with rare genetic disorders, such as Pompe disease or MPS IV [25] - [28] .
One thing that requires further study is the effectiveness of the presented method for male patients undergoing voice change. Voice change lasts two years on average and usually starts at the age of 12-16 [59] .
As it involves considerable changes to voice quality, parametric analysis during this period requires separate recordings. Our database contains recordings of only one patient undergoing voice change, which makes them inadequate for the experiment.
It would seem justifiable to consider this method for future studies of patients with multiple voice disorders.
X. CONCLUSIONS
The results of the conducted experiments confirmed the hypothesis that it is possible to distinguish between the degrees of deviation on the RBH scale using the acoustic parameters PS and NAQ and the EGG CQ H parameter. The values of the acoustic parameters and the EGG confirmed that they are statistically different for healthy individuals on the one hand and children with vocal nodules on the other.
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